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Abstract: <span>Bell and experimental tests of his inequality showed that it is impossible to explain all of the predictions of quantum mec
using a theory which satisfies the basic concepts of locality and realism, but which (if not both) is violated is still an open question. As it :
impossible to resolve this question experimentally, one can ask how plausible realism -- the idea that external properties of systems exist pric
independent of observations -- is, by considering the amount of resources consumed by itself and its non-local features. | will construct an
realistic model in which the number of hidden-variable states scales polynomially with the number of possible quantum measurements. In t
of a large number of measurements, the model recovers the result of Montina, that no hidden-variable theory that agrees with quantum pre
could use less hidden-variable states than the straightforward model in which every quantum state is associated with one such hidden state.
any given system size, realistic theories cannot describe nature more efficiently than quantum theory itself. | will then turn to the probl
"non-locality” in realistic theories showing that every such theory that agrees with quantum predictions allows superluminal signaling at the le
hidden variable states.</span>
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reaiity of a phvsical quantity 1s the possibity of the probiem of makong predictions concerning a system
{ with certainty, without dist the system. [ n the basis of ents made on another system that
guamtum mechanics n the of two physical gquantinies ad previously interacted with it leads to the result thar if
described by non-commuring operators, the knowledge of 1} i1s false then (2) 1walso false Oneist ed to concinde
gne preciudes the knowiedge of the other. Then either (1 that the descniption of reality as given by 2 wave function
the description of reality given by the wave lunctiop in 18 not compiete
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Questions for ,probabilistic” interpretation

What exactly qualifies some physical
systems to play the role of ,measurer?
Was the wavefunction of the world
waiting to jump for thousands of
millions of years until a single-celled
living creature appeared? Or did it
have to wait a little longer. for some
better qualified system ... with a PhD?*

John. S. Bell, Against "Measurement”
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Questions for ,epistemic” interpretation
What is distributed here?
What are states of some .deeper reality”?

Quantum probabilities in terms of lack of knowledge of the
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L. Hardy (Stud Hist Philos. Mod Phys. 33, 267 (2004))

nfinite number of HVs required for all measursments already for a single qubit.

e il Ve - b ¥

the limit of ’"“'E *'i’"l’"”’ of measurements no realistic '”‘w,. can describe
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Caratheodory's theorem

A point in a convex polytope in RY can be written as a convex
combination of N+1 vertices
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Spekkens’ toy model
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(R. W. Spekkens, Phys. Rev. A, 750323110 {2007))

» N=3 complementary measurements (x.y.z)
» HV model for 6 quantum states:  {+m,. +mi,. .|
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(R. W. Spekkens, Phys. Rev. A, 75 0323110 (2007))

» N=3 complementary measurements (x.y.z)
» HV model for 6 quantum states: +m.,. +m,. +m. |
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Spekkens toy model
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(R. W. Soekkens, Phys. Rev. A 750323110 (2007))

» N=3 complementary measurements (x.y.z)
» HV model for 6 quantum states:  {+m,. +m,. .|
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(R. W. Spekkens, Phys. Rev. A, 750323110 (2007))

» N=3 complementary measurements (x.y.z)
+ HV model for 6 quantum states: +m,, +m,, m, |
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Measurement Polytope: Cube

« N=4 measurement directions
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Measurement Polytope: Cube

« N=4 measurement directions
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Measurement Polytope: Cube

« N=4 measurement directions
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Measurement Polytope: Cube

* N=4 measurement directions
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Lower and upper bound

- Fvertices of dual polytope
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Lower and upper bound

F vertices of dual polytope

Caratheodory s
theorem

F<Q<(N-2)F

N -2 instead of N + 1: a vertex of the dual polytope saturates at least
three of the inequalities defining the polytope
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